The survival rate for childhood cancer has increased from 1970 to the present, with 5-year survival rates now approaching 80% (1). Coincident with this survivorship has been the recognition that survivors are at risk for subsequent neoplasms (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) .
The survival rate for childhood cancer has increased from 1970 to the present, with 5-year survival rates now approaching 80% (1) . Coincident with this survivorship has been the recognition that survivors are at risk for subsequent neoplasms (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) .
In this article, we analyzed the cumulative incidence patterns of subsequent neoplasms and risk factors related to the host, the disease, and the treatment among initial 5-year survivors in the Childhood Cancer Survivor Study (CCSS). Survivors had a mean of 22.7 years of follow-up and a median of 22.9 years (range = 5.0-36.7 years) of follow-up since their childhood cancer diagnosis. Among survivors who were found at the last contact to have died, the mean duration of follow-up was 10.6 years (median = 8.8 years, range = 5.0-33.1 years); among those still alive, the mean follow-up time was 23.8 years (median = 23.6 years, range = 7.0-36.7 years).
In 2001, we reported (3) 314 subsequent malignant neoplasms in 298 survivors in this cohort and subsequently have reported (5, 6, (9) (10) (11) 13, 14) on specific risk groups for subsequent neoplasms, including a recent review of previously reported data (15) . However, incidence and the spectrum of and risk factors for subsequent neoplasms have clearly changed with ongoing follow-up in the CCSS, for which the mean follow-up of the cohort now exceeds 20 years after childhood cancer diagnosis.
The occurrence of subsequent neoplasms has direct impact on the quantity and quality of life in cancer survivors. We have expanded our analyses of subsequent neoplasms in the CCSS to better understand incidence of and risk factors for these events as the survivor population ages.
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Background
The occurrence of subsequent neoplasms has direct impact on the quantity and quality of life in cancer survivors. We have expanded our analysis of these events in the Childhood Cancer Survivor Study (CCSS) to better understand the occurrence of these events as the survivor population ages.
Methods
The incidence of and risk for subsequent neoplasms occurring 5 years or more after the childhood cancer diagnosis were determined among 14 359 5-year survivors in the CCSS who were treated from 1970 through 1986 and who were at a median age of 30 years (range = 5-56 years) for this analysis. At 30 years after childhood cancer diagnosis, we calculated cumulative incidence at 30 years of subsequent neoplasms and calculated standardized incidence ratios (SIRs), excess absolute risks (EARs) for invasive second malignant neoplasms, and relative risks for subsequent neoplasms by use of multivariable Poisson regression.
Participants and Methods
The CCSS Cohort
The CCSS is a well-characterized cohort of survivors of childhood cancer that was constructed to evaluate hypotheses related to the long-term health outcomes of this unique population (www.stjude.org/ccss) (16, 17) . Eligibility included treatment at one of the collaborating institutions (Supplementary Table 1 , available online) between January 1, 1970, and December 31, 1986 , for leukemia, Hodgkin lymphoma, non-Hodgkin lymphoma, neuroblastoma, soft tissue sarcoma, bone cancer, central nervous system malignancy, or kidney cancer that was diagnosed when the survivor was younger than 21 years and survival for at least 5 years after diagnosis. The human subjects committee at each institution approved the protocol, and informed consent was obtained.
There were 20 626 survivors eligible for the CCSS, of whom 3058 could not be located and 3205 refused to participate, resulting in a cohort of 14 363 survivors. Patients who survived for at least 5 years and subsequently died were included in the cohort. This analysis was further limited to confirmed subsequent neoplasms that occurred among the 14 359 cohort members, with a median age of 30 years (range = 5-56 years), for whom complete medical records were available.
Cancer Treatment Information
Therapeutic exposures were ascertained through abstraction of medical and radiation therapy records of each participant by use of a standardized protocol (16, 17) . This abstraction included diagnosis, chemotherapy, radiation therapy, and surgical treatments.
Definition and Ascertainment of Subsequent Neoplasms
Subsequent neoplasms included the following three subsets that were exclusive of one another: 1) subsequent malignant neoplasms, which include only malignant diagnoses within the United States Surveillance, Epidemiology, and End Results (SEER) with an International Classification of Diseases for Oncology behavior code of 3, excluding nonmelanoma skin cancers; 2) nonmalignant meningioma; and 3) nonmelanoma skin cancers. All subsequent neoplasms were initially ascertained through self-or proxy report in questionnaires and/or death certificate. Subsequent neoplasms were then confirmed by pathology report or, when not available, confirmed by other medical records reviewed by study investigators. Because the CCSS is a cohort of 5-year survivors, only subsequent neoplasms occurring 5 years or more after the childhood cancer diagnosis were included in this analysis.
Statistical Analysis
Cumulative incidence estimates of subsequent neoplasms were calculated by use of time from 5 years after childhood cancer diagnosis to first occurrence of subsequent neoplasm, treating death as a competing risk event and censoring at the date of last contact (18) . Standard errors of cumulative incidence estimates were calculated and used to evaluate 95% confidence intervals (CIs) (19) .
Risks for second malignant neoplasms were calculated by use of standardized incidence ratios (SIRs) and excess absolute risk (EAR) per 1000 person-years. Nonmalignant meningiomas and nonmelanoma skin cancers were not included in standardized incidence ratio or excess absolute risk calculations because they are not ascertained by SEER. Standardized incidence ratios of observed to expected malignancies were calculated by use of age-, sex-, and race-specific rates from SEER for the expected numbers of malignancies (20) . All subsequent malignant neoplasms were counted in the numerator of standardized incidence ratios. Excess absolute risk was determined by subtracting the expected number of malignancies from the observed number, dividing the difference by the person-years of follow-up, and multiplying by 1000. Person-years of follow-up were calculated as the minimum time to subsequent malignancy, death, or last contact.
Relative risks (RRs) of developing subsequent neoplasm, second malignant neoplasm, meningioma, and nonmelanoma skin cancer were estimated for each host characteristic and therapeutic exposure by use of four Poisson multivariable regression models with age as the timescale (21, 22) . Risk factors that were identified a priori and used in the 2001 report (3) from the CCSS were included in the multivariable models. The primary focus was on treatment variables, and so the multivariable model included sex, age (in 5-year age groups), treatment era (1970-1974, 1975-1979, and 1980-1986) , primary cancer diagnosis (as described above in CCSS cohort description), radiation exposure (yes or no), splenectomy (yes or no), and chemotherapeutic exposures (alkylating agents, anthracyclines, epipodophyllotoxins, or platinum agents) as cONteXt AND cAVeAtS
Prior knowledge
Survivors of childhood cancers are at increased risk for subsequent neoplasms.
Study design
The incidence of subsequent neoplasms between 5 and 30 years after a diagnosis of childhood cancer was determined in a cohort of childhood cancer survivors whose median age at this analysis was 30 years. The cumulative incidence at 30 years of subsequent neoplasms and risk for subsequent neoplasms were calculated.
Contribution
Cumulative incidence at 30 years after the childhood cancer diagnosis was high for all subsequent neoplasms, especially for second malignant neoplasms, nonmelanoma skin cancer, and meningioma. Excess risk was observed for all primary diagnoses, the highest being for Hodgkin lymphoma and Ewing sarcoma. Factors associated with risk of subsequent neoplasms were female sex, older age at diagnosis, earlier treatment era, diagnosis of Hodgkin lymphoma, and treatment with radiation therapy. Risk did not appear to decrease with increasing follow-up time.
Implications
Survivors of childhood cancers continue to be at increased risk of subsequent cancers. This risk is expected to increase as they age.
Limitations
Details about radiation therapy dosimetry were not calculated for all participants. Nontherapeutic exposures (such as tobacco, alcohol, and diet) were not available for analysis. Data on subsequent neoplasms were initially obtained by self-report, but subsequently verified.
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Downloaded from https://academic.oup.com/jnci/article-abstract/102/14/1083/2516238 by guest on 24 December 2018 categorical dose scores (0, 1, 2, or 3). These scores were determined as follows: for each individual agent, the tertiles of the cumulative dose (0, 1, 2, or 3, with 0 indicating that the patient did not receive the agent) were determined. The tertiles were then summed for all of the agents within each of the four categories (alkylating agents, anthracyclines, epipodophyllotoxins, and/or platinum agents). Tertiles of these summed scores were then used in the regression model (23) . For analysis of risk conferred by primary cancer diagnosis, leukemia was chosen as the referent group because it is the most common primary cancer in the CCSS cohort. Treatment era cutoffs were chosen to be approximately the same length of time and reflected periods in which therapeutic exposures changed but then remained relatively stable over the defined interval. All statistical tests were two-sided.
results
Characteristics of the Cohort and of Subsequent Neoplasms
Among the 14 359 CCSS survivors with 325 119 person-years of follow-up, 1402 had at least one subsequent neoplasm and a total of 2703 subsequent neoplasms had been reported. There were 802 second malignant neoplasms, 159 nonmalignant meningiomas (plus 11 malignant meningiomas that were included in the 802 second malignant neoplasms), 168 other benign or in situ neoplasms, and 1574 nonmelanoma skin cancers. Among the 1402 survivors with a subsequent neoplasm, 732 had subsequent malignant neoplasm, of whom 621 had subsequent malignant neoplasm only and 111 also had nonmelanoma skin cancer, nonmalignant meningioma, and/or another benign or nonmalignant condition. Among the 670 survivors with no subsequent malignant neoplasm, 460 had nonmelanoma skin cancer (40 of whom also had nonmalignant meningioma and/or another benign or nonmalignant condition) and 210 had neither subsequent malignant neoplasm nor nonmelanoma skin cancer. Sixty-seven of the 732 survivors with a subsequent malignant neoplasm had more than one subsequent malignant neoplasm. The characteristics of the cohort with comparisons of survivors with and without subsequent neoplasms are shown in Table  1 . In the overall CCSS cohort, a larger proportion of subsequent neoplasms occurred among women, those who were older at childhood cancer diagnosis, those who were treated with radiation therapy, and those who were treated for Hodgkin lymphoma. A larger portion of survivors with subsequent neoplasms were also deceased at the time of the analysis, compared with those survivors who had not developed a subsequent neoplasm ( Table 1) .
The most frequent subsequent malignancies were nonmelanoma skin cancer (n = 1574) and breast cancer (n = 252). Associations between primary and secondary and subsequent neoplasms are shown in Table 2 . There were 1402 second neoplasms and 1301 third or subsequent neoplasms in the cohort, with the greatest number occurring among survivors of Hodgkin lymphoma. Tumors of the central nervous system occurred most often after a primary diagnosis of a central nervous tumor or acute lymphoblastic leukemia. Second and subsequent solid organ and skin cancers most commonly followed a primary diagnosis of Hodgkin lymphoma.
Cumulative Incidence of Subsequent Neoplasms
Cumulative incidence at 30 years after childhood cancer diagnosis was 20.5% (95% CI = 19.1% to 21.8%) for all first of the subsequent neoplasms and was higher for patients treated with radiation therapy for their primary cancer than for those not receiving radiation therapy. The 30-year cumulative incidence by subsequent neoplasm subtype was 7.9% (95% CI = 7.2% to 8.5%) for second malignant neoplasms, excluding nonmelanoma skin cancer, 9.1% (95% CI = 8.1% to 10.1%) for nonmelanoma skin cancer, and 3.1% (95% CI = 2.5% to 3.8%) for meningiomas ( Figure 1 ). The 30-year cumulative incidence for the first of the subsequent neoplasms by primary cancer diagnosis was 18.4% (95% CI = 16.1% to 20.8%) for Hodgkin lymphoma, 8.8% (95% CI = 6.5% to 11.1%) for soft tissue sarcoma, 6.0% (95% CI = 3.9% to 8.1%) for osteosarcoma, 10.1% (95% CI = 6.7% to 13.5%) for Ewing sarcoma, 5.9% (95% CI = 3.6% to 8.3%) for neuroblastoma, 5.8% (95% CI = 3.9% to 7.6%) for non-Hodgkin lymphoma, 5.6% (95% CI = 4.5% to 6.7%) for leukemia, 7.8% (95% CI = 4.0% to 11.5%) for medulloblastoma, 4.7% (95% CI = 3.0% to 6.5%) for astrocytoma, and 4.0% (95% CI = 2.3% to 5.6%) for kidney cancer ( Figure 2 ). Survivors of Hodgkin lymphoma had the highest cumulative incidence of subsequent malignant neoplasms (18.4%, 95% CI = 16.1% to 20.8%) and nonmelanoma skin cancers (20.8%, 95% CI = 17.6% to 24.1%). The highest cumulative incidence of meningioma occurred among survivors of medulloblastoma (16.4%, 95% CI = 7.5% to 25.3%) ( Table 3) .
The 30-year cumulative incidence for selected subsequent cancers was 5.0% (95% CI = 4.2% to 5.9%) for female breast cancer, 0.4% (95% CI = 0.2% to 0.5%) for bone cancer, 0.9% (95% CI = 0.6% to 1.1%) for soft tissue sarcoma, 0.3% (95% CI = 0.2% to 0.4%) for leukemia, 0.4% (95% CI = 0.3% to 0.6%) for lymphoma, 0.7% (95% CI = 0.5% to 0.8%) for central nervous system tumor, 0.3% (95% CI = 0.2% to 0.5%) for head and neck cancer, 0.4% (95% CI = 0.2% to 0.6%) for small intestine and colorectal cancer, 0.1% (95% CI = 0.0% to 0.2%) for lung cancer, and 1.4% (95% CI = 1.1% to 1.6%) for thyroid cancer (data not shown).
Risk of Subsequent Malignant Neoplasms Compared With That in the General Population
Increased risk for a subsequent malignant neoplasm occurring at least 5 years after the childhood cancer diagnosis was found (SIR = 6.0, 95% CI = 5.5 to 6.4). Excess risk was evident for all primary diagnoses and was highest for Hodgkin lymphoma (SIR = 8.7, 95% CI = 7.7 to 9.8) and Ewing sarcoma (SIR = 8.5, 95% CI = 6.2 to 11.7). Increased excess absolute risk for subsequent malignant neoplasms per 1000 person-years was also found (EAR = 2.6, 95% CI = 2.4 to 2.9) and was highest for survivors of Hodgkin lymphoma (EAR = 6.9, 95% CI = 6.0 to 7.9) and Ewing sarcoma (EAR = 5.1, 95% CI = 3.5 to 7.2) ( Table 3) .
Among subsequent malignant neoplasms occurring 5 years or more after childhood cancer, risk was elevated for subsequent hematopoietic, central nervous system, and solid organ cancers. Of particular note is the increased risk of solid organ malignancies that typically occur in older adults, such as head and neck tumors (SIR = 10.8, 95% CI = 7.8 to 15.0), small intestine and colorectal cancer (SIR = 4.6, 95% CI = 3.2 to 6.8), and cancer of lung and bronchus (SIR = 3.4, 95% CI = 1.9 to 6.1) and of the female genital tract (SIR = 2.1, 95% CI = 1.4 to 3.2). The highest risks were observed for subsequent bone cancer (SIR = 19.0, 95% CI = 14.2 to 25.5), thyroid cancer (SIR = 10.9, 95% CI = 9.1 to 12.9), head and neck cancer (SIR = 10.8, 95% CI = 7.8 to 15.0), breast cancer (SIR = 9.8, 95% CI = 8.4 to 11.5), central nervous system malignancies (SIR = 10.4, 95% CI = 8.3 to 13.1), and soft tissue sarcoma (SIR = 8.1, 95% CI = 6.4 to 10.2) ( Table 4) .
Latency for Subsequent Malignant Neoplasms
The median time to first occurrence of subsequent malignant neoplasms was 17.8 years (range = 5.0-35.2 years). Median latency between primary childhood cancer diagnosis and second malignancy was shortest for leukemia (8.9 years, range = 5.0-31.1 years) and longest for small intestine and colorectal cancers (23.1 years, range = 7.0-29.4 years). Among those with a subsequent diagnosis of central nervous system tumors, malignant meningiomas occurred at much later time point (median = 22.9 years, range = 15.8-32.7 years) than glial tumors or medulloblastoma (for glial tumors, median = 11.7 years, range = 6.0-25.5 years; and for medulloblastoma, median = 11.6 years, range = 8.0-14.6 years). Among those with subsequent hematopoietic cancers, the latency between primary and secondary diagnosis was much shorter for a secondary diagnosis of leukemia (median = 8.9 years, range = 5.0-31.1 years) than for a secondary diagnosis of lymphoma (median = 18.5 years, range = 6.9-31.5 years) ( Table 4) . There was a high degree of association between treatment era and length of follow-up (however, no one in the more recent era has a longer follow-up than those in the earlier treatment era), and it is, therefore, difficult to separate these two possible sources of risk. Risk factors differed somewhat by subtype of subsequent malignant neoplasm. Younger age at time of childhood cancer diagnosis was associated with increased risk for subsequent central nervous system tumors, thyroid cancer, and soft tissue and bone sarcoma, whereas older age was associated with increased risk for breast
Risk Factor Analyses for Subsequent Neoplasms
Four multivariable Poisson regression analyses were performed to assess host-, disease-, and treatment-related risk factors for all subsequent neoplasms, subsequent malignant neoplasms, meningioma, and nonmelanoma skin cancer (Table 5) . When assessing risk associated with primary cancer diagnosis, leukemia survivors were the largest survivor group in the cohort and thus served as the referent population.
Risk of any subsequent neoplasm was increased by female sex (RR = 1.5, 95% CI = 1.3 to 1.5), older age at primary childhood cancer diagnosis (RR = 1.3 for age ≥15 years, 95% CI = 1.1 to 1.6), radiation therapy exposure (RR = 2.7, 95% CI = 2.2 to 3.3), and primary diagnosis of Hodgkin lymphoma (RR = 1.5, 95% CI = 1.1 to 1.9). Compared with that of leukemia survivors, risk bone sarcomas. Subsequent bone cancer risk was associated with primary diagnosis of kidney cancer and of soft tissue and bone sarcomas (compared with that of leukemia) and with increased dose of alkylating agents. Meningioma risk was increased by female sex, younger age at primary diagnosis, radiation therapy exposure, and treatment for central nervous system tumors. Risk of nonmelanoma skin cancer was increased by older age at primary diagnosis and exposure to radiation therapy. Treatment for cancer. Radiation therapy exposure was associated with increased risk for subsequent central nervous system tumors, soft tissue and bone sarcomas, and thyroid cancer. Risk of breast cancer was associated with a primary cancer diagnosis of Hodgkin lymphoma or neuroblastoma (compared with a primary diagnosis of leukemia) and with increasing anthracycline dose. Risk of soft tissue sarcoma was associated with primary diagnoses of central nervous system tumors, Hodgkin lymphoma, Wilms tumor, and soft tissue and primary kidney cancer or neuroblastoma, compared with leukemia, was associated with reduced risk. There was a trend (P trend = .04) between increased anthracycline exposure and decreased risk of nonmelanoma skin cancer.
Discussion
This report from the CCSS represents the most comprehensive evaluation of subsequent neoplasms among childhood cancer survivors, for whom risk continues to be elevated with a mean follow-up of 22.7 years after childhood cancer diagnosis. Furthermore, there have been substantial increases in the number of subsequent malignant neoplasms (2.6-fold), female breast cancer (4.0-fold), meningiomas (2.3-fold), and nonmelanoma skin cancer (2.6-fold) from previously reported data from the CCSS cohort (3, 10, 14) . Because of the dramatic improvement in survival for childhood cancer since 1970 (1), a simple analysis of cure is no longer inadequate and investigations have increasingly focused on adverse long-term sequelae, including subsequent neoplasms (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) . The large size, heterogeneity of disease and treatment, and extended follow-up of survivors in the CCSS permits simultaneous analysis of host-, disease-, and treatment-related risk factors for subsequent neoplasms. This study is, to our knowledge, the largest analysis of all subsequent neoplasms after a childhood cancer diagnosis, including subsequent malignant neoplasms, nonmelanoma skin cancer, and meningioma.
In previous studies (3) from the CCSS at a median follow-up of 15.4 years, we reported 314 subsequent malignant neoplasms (SIR = 6.4, 95% CI = 5.7 to 7.1) and a 20-year cumulative incidence of 3.2%. In this study with a median follow-up of 22.9 years, there were 802 subsequent malignant neoplasms (SIR = 6.0, 95% CI = 5.5 to 6.4) and a 30-year cumulative incidence of 7.9% (95% CI = 7.2% to 8.5%). The increase in incidence between 20 and 30 years is likely explained by noting that the longer follow-up was observed for those who have had a subsequent neoplasm (Table 1) , which is not surprising because they have now been followed for a period that was sufficiently long for a subsequent neoplasm to occur. Because standard time-to-event methods that take into account the influence of censoring and person-years were used in the Poisson models, survivors who have had shorter follow-up may develop subsequent neoplasms at a later time. However, the difference in mean follow-up in those who have and have not yet developed a subsequent neoplasm could affect the later estimates of cumulative incidence if those with subsequent neoplasms are more likely to participate in the more recent surveys than those without a subsequent neoplasm. Should this occur, the proportional increase in events will be greater, which may potentially inflate the cumulative incidence rate. It is reassuring, however, that in the current analysis, with longer follow-up for most subjects, the cumulative incidence at 20 years (3.3%, 95% CI = 3.0% to 3.6%) remains very similar to that reported in the earlier publication from the CCSS (3). The excess absolute risk has also risen from the previous analysis (EAR = 1.9 per 1000 person-years of follow-up) (3) to this study (EAR = 2.6 per 1000 person-years of follow-up).
In this study (with a mean age of 29.5 years at subsequent neoplasm diagnosis), compared with a report (5) from the CCSS published only 4 years ago (5) (with a median age of 27 years), more survivors (99 vs 71 survivors in the previous report) developed subsequent cancers that are more typical of cancers that develop in older adults, including cancers of the head and neck, gastrointestinal, respiratory, and genitourinary systems. Female breast cancer accounted for 23% of subsequent malignant neoplasms in the cohort, with Hodgkin lymphoma survivors at the highest risk, consistent with previous reports from the CCSS (3,9) and others (2, 24, 25) . Furthermore, consistent with previous studies with extended follow-up (2,12), incidence increased with ongoing follow-up. Subsequent sarcomas represented 15% of the subsequent malignant neoplasms, and risk was associated with exposure to anthracyclines, alkylating agents, and radiation therapy, consistent with previous studies (2, 3, 6, (23) (24) (25) (26) (27) . Risk was highest among survivors of sarcoma, central nervous system malignancy, Hodgkin lymphoma, or kidney cancer. Among survivors of a childhood sarcoma, 23% of the subsequent malignant neoplasms were female breast cancer, which may also be associated with genetic predisposition. This hypothesis is supported by previous analyses in the CCSS in which we reported increased risk of cancer among siblings of survivors of primary sarcoma (28) , increased risk of breast cancer among survivors of sarcoma that had not been treated with radiation therapy (9) , and increased risk of subsequent sarcoma among primary sarcoma survivors in the CCSS who also had a family history of cancer (6). Strong et al. (29) have also reported an association between childhood soft tissue sarcoma and breast cancer among survivors of childhood soft tissue sarcoma and their close relatives. Thus, further studies in the CCSS and other large survivor cohorts are warranted of the interactions among genetic predisposition, disease, and treatment.
Subsequent central nervous system tumors (n = 77) represented 9.6% of all subsequent neoplasms in this study. It is of interest that, with ongoing time since childhood cancer diagnosis, meningiomas, with a longer latency period to development, are being reported in excess of malignant brain tumors. This observation is consistent with a previously reported data on 66 meningiomas from the CCSS (10) and with data from St Jude Children's Research Hospital (7) . In the CCSS, we found that risk of meningioma was associated with a primary diagnosis of central nervous system malignancies or leukemia. In addition, among long-term survivors of leukemia who were followed at St Jude Children's Research Hospital, a primary diagnosis of leukemia was found to be associated with risk of meningioma (7). However, meningioma risk has not been described in other childhood leukemia cohorts (12, 30, 31) , which likely results from the lack of continuous follow-up that is required to detect this risk.
The most prevalent subsequent neoplasm reported among those in the CCSS cohort with a median of 22.9 years of follow-up was nonmelanoma skin cancer, with 1574 tumors identified in 533 individuals. To our knowledge, this number of nonmelanoma skin cancers after childhood cancer is the largest that has been reported with ongoing follow-up. Survivors of acute lymphoblastic leukemia and Hodgkin lymphoma were at the highest risk of nonmelanoma skin cancer, perhaps related to radiation therapy exposure, which was the strongest independent risk factor for risk in multivariable analysis.
Radiation therapy increased risk of all subsequent neoplasms, which is consistent with previous reports (2) (3) (4) 7, 10, 11, 14, 24, 32) , in which dose-response relationships have been demonstrated. However, in this analysis, we were limited to using radiation in which the risk of subsequent breast cancer reached 11-fold for local breast doses of approximately 40 Gy compared with no radiation (35) . Sex and age at time of childhood cancer diagnosis were important host-related factors. Girls or women were at increased risk for subsequent neoplasms, largely driven by increased risk for breast and thyroid cancers, nonmelanoma skin cancer, and meningioma. These data are consistent with higher rates of some of these malignancies among women in the general population (1) . Younger age at diagnosis (<10 years) increased risk for meningioma, malignant central nervous system tumor, sarcoma, and thyroid cancer, supporting data previously reported in the CCSS (3, 6, 10, 11) and the Late Effects Study Group (36) . Older age at diagnosis (ie, age 15-21 years) increased risk for breast cancer, nonmelanoma skin cancer, and other solid organ cancers (including head and neck, small intestine, and colorectal cancers). The association between age at time of treatment and breast cancer risk remains inconsistent across studies (2, 24, 25, 37) . The risk of breast cancer appears to be highest among those treated during the pubertal age period, which may represent the effect of radiation therapy delivery at the time of tissue proliferation. We further evaluated the association between treatment era for the Hodgkin lymphoma and breast cancer risk. The decrease in risk of breast cancer over treatment eras did not represent changes in therapy for this group of patients or their representation in the cohort, which increased in the cohort over successive treatment eras. However, as would be expected, the length of follow-up decreased with later treatment era. One possible explanation for the decreasing risk of subsequent neoplasm with later treatment era is the shorter follow-up for the later era. Therefore, the treatment era variable may be a surrogate for length of follow-up, which did not differ between survivors of Hodgkin lymphoma and other survivors in the cohort.
For nonmelanoma skin cancer, younger age at time of exposure to ionizing radiation has been reported as a risk factor in noncancer populations (38, 39) and in survivors of hematopoietic stem cell transplantation (40) . However, those treated at an older age for childhood cancer may have had higher cumulative environmental exposure to ultraviolet irradiation, which may work in concert with ionizing radiation exposure to increase risk of nonmelanoma skin cancer.
Since 1970, when the earliest group of survivors in this cohort was first diagnosed with childhood cancer, protocols for pediatric chemotherapy and radiation therapy have been modified to better balance toxicity and efficacy. The decreased risk of subsequent neoplasms in the more recent treatment era of the CCSS, although somewhat reassuring currently, may reflect a shorter follow-up period and, thus, may change with continued follow-up.
There are several limitations to this study. Our analysis focused largely on the contribution of disease and therapeutic exposures on subsequent malignancy risk. The role of nontherapeutic exposures (such as tobacco, alcohol, and diet) are important but were not captured in a manner to provide meaningful analyses for this cohort. Such exposures should be considered because they are potentially modifiable risk factors. Data on subsequent neoplasms were initially obtained by self-report, and ascertainment may have not been complete if survivors did not report them back to the cohort.
Furthermore, it is important to note that more contemporarily treated childhood cancer patients may have less exposure to therapies associated with risk of subsequent neoplasms. Therefore, one should take caution in extrapolating the high risk of subsequent neoplasms found in the CCSS cohort to that of more contemporarily treated patients. However, for the cohort of patients treated between 1970 and 1986, it is clear that continued surveillance for subsequent neoplasms is essential as their risk continues to increase as these survivors enter their third and subsequent decades of life. This continued surveillance is of particular importance because many adult survivors do not appreciate the health risks that are related to their childhood cancer and so do not have regular medical follow-up or practice recommended cancer screening (41) (42) (43) (44) (45) (46) (47) (48) . Continued follow-up of this cohort and collection of their biological specimens during follow-up should provide further insight into the contributions of the host, disease, treatment, and environment to subsequent neoplasm risk. Follow-up of the newer cohort of survivors in the expanded CCSS cohort, treated between 1987 and 1999, should provide additional insight and better quantify risk of subsequent neoplasms among more contemporarily treated patients. These combined efforts will help direct prevention strategies for subsequent neoplasms after childhood cancer therapy and are essential so that efficacy of childhood cancer therapy can continued to be appropriately balanced with toxicity and the successes in treatment are not overshadowed by risk of adverse long-term outcomes, such as subsequent neoplasms.
